Abstract: Parsimony, maximum-likelihood and Bayesian analyses of SSU rDNA sequences of representative taxa of Pezizomycetes, Eurotiomycetes, Dothideomycetes, Leotiomycetes and Sordariomycetes, all strongly support the cleistothecial fungi Orbicula parietina and Lasiobolidium orbiculoides to be of pezizalean origin. Previous hypotheses of close affinities with cleistothecial or highly reduced fungi now placed in the Thelebolales, Eurotiales or Onygenales are rejected. Orbicula parietina and L. orbiculoides are deeply nested within Pyronemataceae (which subsumes the families Ascodesmidaceae, Glaziellaceae and Otideaceae). LSU rDNA sequences suggest that Orbicula is nested within the apothecia-forming genus Pseudombrophila (including Nannfeldtiella and Fimaria) and that L. orbiculoides is closely related. Ascodesmis and Lasiobolus, which have been suggested as closely related to Orbicula and Lasiobolidium, are identified as a sister lineage to the Pseudombrophila lineage. Cleistothecial forms that have lost the ascus operculum and ability to discharge spores actively have evolved at least once in the Pseudombrophila lineage. Some species of Pseudombrophila produce subglobular ascomata initials that are closed early in development and open only in the mid-mesohymenial phase. We hypothesize that, in the Pseudombrophila lineage, ascomata forms that never open are derived from ascomata that open late in development. The placement of O. parietina and L. orbiculoides within Pseudombrophila is supported by morphological characters, ecology and temperature optima for fruiting.
INTRODUCTION
Morphological and molecular evidence show that cleistothecial fungi have evolved independently several times within apothecial and perithecial lineages of ascomycetes. Molecular phylogenetic analyses indicate one major group (composed of Ascosphaerales, Onygenales and Eurotiales) containing most cleistothecial ascomycetes but that other cleistothecial fungi fall within other ascomycete groups Taylor 1994, LoBuglio et al 1996) . We investigate the placement of two cleistothecial fungi, Orbicula parietina and Lasiobolidium orbiculoides, that have been suggested to have pezizalean affinities.
The genus Orbicula Cooke (1871) produces epigeous, globose ascomata, up to 2 mm in diam, without an opening (FIGS. 1-3). At first sight it resembles, and is often mistaken for, a slime mold (a miniature Lycogala) (Hughes 1951) . Asci lack an apical opening mechanism and disintegrate at maturity. The ascomata become filled with a dry mass of ascospores that are liberated when the peridium is disturbed and broken by an external force (FIG. 2) . Orbicula parietina, the only accepted species, has been repeatedly described as new and assigned to nine genera, four in the myxomycetes (Hughes 1951) . Moreover, the family Orbiculaceae and order Orbiculales (Ascomycota) were erected for Orbicula (Locquin 1974) , but invalidly published (ICBN Art. 36.1). Malloch and Cain (1971) thought that Orbicula was closely related to members of the Thelebolaceae and placed it, along with other cleistothecial fungi-Cleistothelebolus, Eoterfezia, Lasiobolidium, Microeurotium and Xeromyces-in the cleistothecial family Eoterfeziaceae, which they considered Pezizales. Jeng and Krug (1976) transferred the genera of Eoterfeziaceae including Orbicula to the tribe Theleboleae sensu Korf (1972) of the Pyronemataceae, following the notion that closely related genera with exposed hymenia and cleistothecial genera are better accommodated in one rather than separate families. Benny and Kimbrough (1980) maintained Orbicula in Eoterfeziaceae, while Dennis (1981) placed it in Eurotiaceae (Plectascales). Arx (1981) treated Orbicula in the Pezizales and Campbell et al (1991) likewise suspected affinities with the operculate discomycetes. Malloch (in Dissing and Schumacher 1994) suggested that both Orbicula and Lasiobolidium, with clearly pezizalean characteristics, might better be included in Pyronemataceae or in the Pezizales without assignment rather than in Eoterfeziaceae. Currently Orbicula is placed in the Pyronemataceae, but its disposition is indicated tentatively with a question mark (Eriksson 2005) .
Lasiobolidium orbiculoides was the second species described in Lasiobolidium (Malloch and Benny 1973) . The specific epithet orbiculoides refers to its similarity to Orbicula; O. parietina and L. orbiculoides both have broadly oblate, uniseriate ascospores (Malloch and Benny 1973) . Lasiobolidium orbiculoides differs from the type species of Lasiobolidium, L. spirale, by being fast-growing, producing ascomata with wavy to flexuous, septate appendages, an excipulum of one tissue type, cylindrical uniseriate asci and oblate ascospores (Moustafa and Ezz-Eldin 1989) . Lasiobolidium was considered a cleistothecial counterpart of Lasiobolus (Thelebolaceae, Pezizales), but the genus was at first placed in the Eoterfeziaceae (Malloch and Cain 1971) . Jeng and Krug (1976) transferred Lasiobolidium to the Theleboleae sensu Korf (1972) of the Pyronemataceae. Developmental studies of L. orbiculoides however, have shown little evidence of affinities with either Lasiobolus or Thelebolaceae, rather they support a relationship with other operculate discomycetes, especially with Ascodemis (Janex-Favre and Locquin-Linard 1979) . The type genus of Thelebolaceae, Thelebolus, was found to be non-pezizalean based on ascoma development and ascus structure (e.g., Samuelson and Kimbrough 1978, Kimbrough 1981) . Based on molecular phylogenetic analyses (Momol et al 1996 , Landvik et al 1997 the Thelebolaceae was found to be closely related to Erysiphales and Leotiales, and was moved to the Leotiomycetes (Eriksson and Winka 1997) . Orbicula, Lasiobolus and Lasiobolidium were maintained in the Pezizales, in Otideaceae (Eriksson 1999 ) (5Pyronemataceae [Eriksson et al 2001 , Eriksson 2005 ). Further studies by Landvik et al (1998) confirmed the relationship of Thelebolaceae with members of the Leotiomycetes, and grouped Lasiobolus with Ascodesmis in the Pezizales.
In the present study we performed phylogenetic analyses of the SSU rDNA to address the phylogenetic position of O. parietina and L. orbiculoides within the ascomycetes; and analyses of the LSU rDNA to address specific relationships of O. parietina and L. orbiculoides within the Pyronemataceae.
MATERIALS AND METHODS
Specimens.-Specimens sequenced and morphologically examined are listed (TABLE I) . To test hypotheses regarding relationships of Orbicula and L. orbiculoides, the SSU rDNA sequences were analyzed with 61 sequences retrieved from GenBank from representative taxa of Pezizomycetes, Eurotiomycetes (Eurotiales and FIGS. 1-6. Orbicula parietina. 1. Cleistothecia on dung of dove (?) 32.5. 2. Close-up of cleistothecia, globose with a flattened base, glabrous over the upper surface and with hyphoid hairs originating from the base. In one ascomata the thin outer excipulum is broken open to show the contents of the yellowish spores 35. 3. Median, longitudinal section through a mature ascomata to show basal cushion on which asci and paraphyses are borne 315. Ingroup taxa in the LSU data set, in addition to the Pseudombrophila lineage, were selected based on preliminary results of a large-scale molecular study of the Pyronemataceae (in prep). In that study, based on analyses of LSU rDNA sequences, the type species of Lasiobolidium, L. spirale, is placed in a different lineage of Pyronemataceae distant from L. orbiculoides (data not shown). Therefore, L. spirale is not included in the present study. The genus Pseudombrophila sensu Brummelen (1995) includes two sections, Pseudombrophila and Nannfeldtiella. The type species of both sections, P. merdaria and P. guldeniae, were included. Smardaea and Greletia were used to root the LSU trees, based on the results of our large-scale Pyronemataceae study (in prep.), which resolved these taxa in a clade basal to the ingroup of this investigation. The effect of additional, alternative outgroups was explored (Pyronema and Byssonectria).
Molecular methods and Analyses.-Laboratory techniques generally followed procedures outlined in Hansen et al (2002) . SSU rDNA was amplified using the PCR with primer pair SL1 (Landvik et al 1997) and NS8 (White et al 1990) . In addition to the primers used for PCR, internal primers SL122 and SL344 (Landvik et al 1997) , and NS2, NS4 and NS6 (White et al 1990) were used for sequencing. The 59 end of the LSU-rDNA was amplified using the primer pairs LROR and LR5 (Moncalvo et al 2002) . These primers and two internal primers, LR3 and LR3R (Moncalvo et al 2002) , were used for sequencing. Electrophoresis and data collecting were done on an ABI PRISMH 3100 or 3730 DNA sequencer (Perkin-Elmer/ABI). To verify the LSU rDNA sequence of Orbicula, DNA was extracted and sequenced twice, on two different occasions, from coll. no. F-24441 (C). Sequences were edited using Sequencher 3.0 (Gene Codes, Ann Arbor, Michigan). Sequences are deposited in GenBank (TABLE I) . Nucleotide sequences were aligned by hand using the software program Se-Al v. 2.0a11 (Rambaut 2002) . Alignments are available from TreeBase (http://www.treebase.org/treebase/) as accessions M2365 (SSU) and M2366 (LSU). Analyses were performed using PAUP* 4.0b 10 for Unix (Swofford 2002) and MrBayes 3.0b4 (Huelsenbeck and Ronquist 2001) on a G5 Macintosh computer. Maximum parsimony (MP), Bayesian and Maximum likelihood (ML) analyses were performed as in Hansen et al (2005) , except MP analyses of the LSU data used branch-andbound searches, ML model parameter values were estimated on the LSU data set, and Bayesian MCMC were run for 2 000 000 generations. To select the model of nucleotide substitution with the least number of parameters best fitting the SSU data set, hierarchical likelihood ratio tests were performed as implemented in the program MrModeltest 2.2 (Nylander 2004) . In Bayesian analyses of the SSU and LSU data, the first 2000 trees and 1000 trees were deleted respectively as the ''burn-in'' period of the chain. In addition to parsimony bootstrap proportions (BP) and Bayesian posterior probabilities (PP), ML bootstrap proportions (ML-BP) were generated using 100 bootstrap replicates of ''fast'' stepwise sequence addition for the SSU data, and using 500 bootstrap replicates of heuristic searches, with 10 random addition sequences and TBR branch swapping for the LSU data. The model parameters estimated for the ML analyses were entered manually into PAUP for the ML-BP searches. Topologically constrained MP and ML analyses of the LSU data set were used to evaluate if the cleistothecial form originated once or twice from apothecia-forming taxa with loss of active spore discharge. MacClade 4.05 (Maddison and Maddison 2002) was used to construct a constraint tree with O. parietina and L. orbiculoides forced to be monophyletic. Parsimony and ML analyses were performed under the constraint, using the same settings as specified above. For the ML analyses the estimated model parameters were used. The KishinoHasegawa test (Kishino and Hasegawa 1989) was used to compare the trees under the constrained and unconstrained topologies in PAUP.
RESULTS
Morphological features.-The material of O. parietina used for DNA extraction (C F-24441) agrees with the description by Hughes (1951) and Udagawa and Furuya (1972) . This collection is fully mature; asci have completely disintegrated and the dry ascoma is filled with loose, powdery, yellow spores. We want to highlight the following characters in O. parietina. Dried mature ascomata show no signs of breaking open (FIG. 1) , but a light touch ruptures the thin and brittle outer excipular wall (FIG. 2) . Ascomata are glabrous and loosely covered at the base with pale brown hyphal hairs, that are up to 120 mm long or possibly longer, up to 5 mm wide, flexuous, thick-walled (1.2 mm) and remotely septate (FIGS. 4 and 5). The hairs originate from the base of the ascoma, are rounded at the tips, abundant and often form a loose ''mat'' at the base of the ascoma, almost like a subiculum. The cells of the outer excipulum are, in surface view, brown, thick-walled, small and irregularly lobed in outline (puzzle-like) (FIG. 6) . The Pezizomycetes form a moderately supported monophyletic group in the MP and Bayesian analyses (BP 77%, PP 100%), as a sister group to all other Euascomycetes sampled (including Thelebolales) (PP 97% , FIG. 7) . Although relationships between classes are resolved with only weak support (BP , 50%), the Dothideomycetes, Eurotiomycetes and Sordariomycetes are highly supported (all 100%). Leotiomycetes is resolved as monophyletic in all analyses but with low support. The orders, Thelebolales and Erysiphales are strongly supported as monophyletic (BP 92-100%, ML-BP 86-100%, PP 100%) within the Leotiomycetes.
Orbicula parietina and L. orbiculoides form a highly supported group with two species of the apothecial genus Pseudombrophila in all analyses (BP 96%, ML-BP 92%, PP 100% , FIG. 7) . The Pseudombrophila lineage is deeply nested within a highly supported lineage of members of Pyronemataceae s.l., Sarcoscyphaceae and Sarcosomataceae (BP 92%, ML-BP 78%, PP 100%) (lineage I) within the Pezizales. A few potential sister lineages are supported e.g., the Ascodesmis-Lasiobolus lineage (BP 84%, ML-BP 75%, PP 100%) and the Geopyxis-Tarzetta lineage (PP 100%). The Pyronemataceae as sampled here, including Ascodesmidaceae and Glaziellaceae, are monophyletic and supported by Bayesian analyses (PP 97% , FIG. 7) . The families Discinaceae, Helvellaceae, Morchellaceae, Rhizinaceae and Tuberaceae are highly supported (BP 90-100%, PP 98-100%) and form a weakly supported sister group (II) to the lineage I (FIG. 7) . Lineages I and II form a moderately supported group by MP and Bayesian analyses (BP 73%, PP 100%). Ascobolaceae and Pezizaceae are strongly supported (each BP and PP 100%, ML-BP 98-100%) and form a weakly supported lineage (III, BP 65%) that is sister to the lineages I and II. Confirming the SSU data, O. parietina and L. orbiculoides form a highly supported group with Pseudombrophila theioleuca, P. merdaria and P. guldeniae, in all analyses (BP 90%, ML-BP 77%, PP 100% ,  FIG. 8 ). Orbicula groups with P. theioleuca with high support (BP 96%, ML-BP 93%, PP 100%), otherwise relationships within the Pseudombrophila lineage are not supported. A clade of three lineages, the Geopyxis-Tazzetta, Ascodesmis-Lasiobolus and Pulvinula lineages, is resolved as the sister group to the Pseudombrophila lineage in all analyses, and highly supported by MP bootstrap (BP 86%). The GeopyxisTazzetta, Ascodesmis-Lasiobolus and Pulvinula lineages are all highly supported (BP 92-100%, ML-BP 97-100%, PP 100%), but relationships between the lineages are unresolved in the strict consensus tree of the MPTs and by Bayesian analyses, and with only low ML-BP support (,50% , FIG. 8 ). Otidea forms a separate lineage, sister to the highly supported clade of the Pseudombrophila, Geopyxis-Tarzetta, AscodesmisLasiobolus and Pulvinula lineages (99-100%).
The most parsimonious interpretation of the molecular LSU phylogeny suggests that the cleistothecial form originated twice in the Pseudombrophila lineage (FIG. 8) . Nevertheless, constraint MP and ML analyses forcing O. parietina and L. orbiculoides into a monophyletic group could not be rejected using the Kishino-Hasegawa test (P , 0.05). Forced monophyly of the cleistothecial taxa did not yield trees that were significantly less likely or longer than the unconstrained trees (MLT: 2lnL 5 3806.9008, difference in 2LnL 5 9.0486; MPT: 505 steps, 4 steps longer than the unconstrained MPTs).
DISCUSSION
Evolutionary relationships.-Molecular phylogenetic analyses confirm the evolutionary origins of O. parietina and L. orbiculoides within Pyronemataceae (Pezizales) as suggested by Malloch (in Dissing and Schumacher 1994) . Other hypotheses, such as close affinities with cleistothecial or highly reduced fungi now placed in the Thelebolales, r FIG. 7. Phylogenetic placement of Orbicula and Lasiobolidium orbiculoides within the ascomycetes inferred from SSU rDNA sequences. The tree with the highest likelihood (2lnL 5 11 857.5723) obtained from maximum likelihood analyses. Branch length corresponds to genetic distance (expected nucleotide substitutions per site). Numbers above branches are posterior probabilities (PP $ 95%), obtained from the 50% majority rule consensus tree of the 18 000 trees sampled from a Bayesian MCMC analysis. Numbers below branches that are before the backslash are ML ''fast'' bootstrap proportions (ML-BP . 70%) and numbers after the backslash are MP bootstrap proportions (BP . 70%). Selected classifications are indicated on the tree for discussion. The lineages I, II and III represents the pezizalean families: Pyronemataceae (including Ascodesmidaceae and Glaziellaceae), Sarcoscyphaceae and Sarcosomataceae (I); Discinaceae, Helvellaceae, Morchellaceae, Rhizinaceae and Tuberaceae (II); and Ascobolaceae and Pezizaceae (III).
FIG. 8. Phylogenetic relationships of
Orbicula and Lasiobolidium orbiculoides among members of the Pyronemataceae (taxa selection are based on a large-scale molecular study of the Pyronemataceae (in prep.) inferred from LSU rDNA sequences. The tree with the highest likelihood (2lnL 5 3797.8522) obtained from maximum likelihood analyses. Branch length corresponds to genetic distance (expected nucleotide substitutions per site). Numbers above branches are posterior probabilities (PP $ 95%), obtained from the 50% majority rule consensus tree of the 19 000 trees sampled from a Bayesian MCMC analysis. Numbers below branches that are before the backslash are ML bootstrap proportions (ML-BP . 70%) and numbers after the backslash are MP bootstrap proportions (BP . 70%).
Eurotiales or Onygenales are rejected (FIG. 7) . The position within the Pezizales is supported by morphology; the genus Orbicula and L. orbiculoides possess some clearly pezizalean characteristics such as uniseriate, narrowly clavate to cylindrical asci and unicellular, large, hyaline, thin-walled ascospores (Hughes 1951 , Udagawa and Furuya 1972 , Malloch and Benny 1973 . For the first time, a close relationship between species of Pseudombrophila and O. parietina is suggested. Furthermore, a close relationship between O. parietina and L. orbiculoides, as indicated by Malloch and Benny (1973) , is shown.
Evolution of cleistothecial forms.-The cleistothecial form, with loss of active spore discharge, has evolved at least once in the Pseudombrophila lineage (FIG. 8) . Species of Pseudombrophila produce discto cup-shaped apothecia with an exposed hymenium at maturity (FIGS. 9, 10) and forcibly discharging, operculate asci. Epigeous, open apothecia of various shapes with forcible discharge are the most common ascoma form in the Pezizales and presumably the ancestral state. Cain (1956a Cain ( , b, 1961 and Malloch (1979 Malloch ( , 1981 were among the first to suggest that certain cleistothecial ascomycetes were derived from apothecial and perithecial forms, a concept now widely accepted. Cain (1956a) believed that the cleistothecial fungi represented a large number of unrelated and highly evolved lineages, arguing that these fungi were adapted to passive spore dispersal in very specific ecological niches. Malloch (1979 Malloch ( , 1981 placed several cleistothecial taxa in the Pezizales, of which only Cleistothelebolus, Warcupia and Orbicula are still retained in the order. Recent molecular phylogenetic analyses, especially within perithecial lineages, have strengthened the evidence that the cleistothecial ascoma with concomitant loss of active spore discharge has arisen independently from ostiolate forms multiple times (e.g., Berbee and Taylor 1992 , Rehner and Samuels 1995 , Suh and Blackwell 1999 .
An analogous situation within the Pezizales is the repeated evolution of hypogeous or semi-hypogeous, closed ascomata, with loss of active spore discharge. Truffle and truffle-like forms evolved independently at least 10 times in six different families (e.g. Trappe 1979 , O'Donnell et al 1997 , Landvik et al 1997 , Percudani et al 1999 . Molecular data supports the view (e.g. Trappe 1979 ) that the truffles are all derived from epigeous apothecial ancestors, through selection forces related to animal mycophagy, reduction in water loss (Thiers 1984 , Bruns et al 1989 , or selection in mycorrhizal fungi for deposition into the soil spore-bank (Miller et al 1994) .
The grouping of O. parietina and L. orbiculoides, taxa that produce completely closed ascomata, with Pseudombrophila, is not as surprising as it first might seem. All species of Pseudombrophila produce subglobular ascomatal primordia and in P. hepatica, P. leporum, P. cervaria and P. theioleuca these are closed at early stages. The excipular roof over the hymenium opens in the mid-mesohymenial phase when the asci are ripening (Brummelen 1995) . In most species of Pseudombrophila section Pseudombrophila the evidence of the tearing of the excipular roof is seen in mature ascomata, by a ragged rim of the excipular margin (FIGS. 9, 10). We hypothesize that in the FIGS. 9-10. Apothecia of Pseudombrophila ripensis (E.C. Hansen) Brumm. developing from large sclerotia, on old dung of cow (JHP-95.104, C). 9. Apothecia at first sub-globular and closed, here deeply cup-shaped to urnulate; the excipular roof over the hymenium has opened and left the margins raised and ragged 31. 10. Apothecia fully expanded, flattened to curvedlobate, showing dentate to irregular laciniate prominent margin from the disruption of the excipular roof, and receptacles covered with woolly hairs 31. Photos: J.H. Petersen.
Pseudombrophila lineage, ascomata forms that never open (FIG. 1) are derived from ascomata that open late in development (FIGS. 9, 10). Once the opening of the ascomata is lost, relaxation of selection for forcible spore discharge may permit loss of some or all of the accompanying morphological traits, such as the loss of the operculum and/or loss of a distinct hymenial layer (Malloch 1981) . In a transition from open apothecia to cleistothecial forms, Orbicula may be considered a morphological intermediate and L. orbiculoides a more derived form. In O. parietina asci arise in a hymenium at the base of the ascoma accompanied by paraphyses, whereas in L. orbiculoides asci are not arranged in a parallel layer but rather arise in small clusters at several points within the ascoma and paraphyses are lacking (Malloch and Benny 1973) .
Morphology and ecology.-The excipular hairs found in Orbicula (FIGS. 4, 5) are of the same type as found in some species of Pseudombrophila, most notably in species previously placed in Fimaria, e.g. P. theioleuca, P. hepatica and P. dentata (Brummelen 1962, Jeng and Krug 1977 with P. dentata as Fimaria trochospora Jeng & Krug, Pfister 1984) . All hairs in Pseudombrophila are pale brown, hyphoid and originate from the outermost layer of the excipulum from base to margin (Brummelen 1995) . Ascomatal hairs of L. orbiculoides also originate from the outermost excipular cells, are flexuous to wavy, remotely septate, thick-walled, very long (2 to 3 mm; Malloch and Benny 1973) , and scattered all over the ascoma.
In Pseudombrophila species the outer excipulum is differentiated from the underlying medullary excipulum (Brummelen 1995) and is comparable to the excipulum of O. parietina and L. orbiculoides. It is composed of thick-walled cells, subglobose to irregularly lobed in outline in surface view (consisting of closely compacted oblong or isodiametric cells) (FIG. 6) . Orbicula parietina has a more differentiated pezizalean excipulum than L. orbiculoides, which has a simple one-celled excipulum (Malloch and Benny 1973) . In O. parietina the outermost cells of the excipulum are thick-walled, small and brown (FIG. 6) , compared to the inner cells, which are thin-walled, large and hyaline (Hughes 1951) . In all species of Pseudombrophila and in O. parietina the pigment is intercellular and amorphous (Brummelen 1995, and FIG. 6) .
The similarities in ecological requirements and substrate also support the close relationships between species of Pseudombrophila, O. parietina and L. orbiculoides. All are likely saprobes, fruiting on dung or well-rotted material, and species of Pseudombrophila and O. parietina fruit in cold conditions. The optimal temperature for developing fruit-bodies of Pseudombrophila is between 10 and 15 C, and thus they are found more frequently in spring and in mild winters (Brummelen 1995) . Arx (1981) listed O. parietina as psychrophilous and Campbell et al (1991) reported Orbicula fruiting in early spring on Pseudocercosporella-inoculated oat kernels left on sand over winter, and considered it to be psychrophilic. Species of Pseudombrophila are strictly coprophilous (FIGS. 9 and 10); occur on soil or vegetable debris contaminated with dung, urine or urea; on decaying stems and leaves of plants; or on rotting materials (Brummelen 1995) . Orbicula parietina is most commonly reported on a variety of rotting substrates, including damp paper, cardboard, straw, willow baskets and leaves, or directly on dung (Hughes 1951, Udagawa and Furuya 1972, FIGS. 1-3) . Hughes (1951) found the best medium for fruiting of Orbicula to be tapwater agar with ground weathered rabbit pellets. Lasiobolidium orbiculoides occurs on dung but also has been reported from soil (in Yaguchi et al 1996) .
Conclusions and taxonomic directions.-Based on LSU rDNA sequence data, morphology and ecology we consider Orbicula and Pseudombrophila sensu Brummelen (1995) to be congeneric. The genus Pseudombrophila sensu Brummelen (1995) includes the formerly recognized genera Fimaria and Nannfeldtiella. Further sampling of species of Pseudombrophila for molecular phylogenetic study may reveal that these genera represent separate lineages that could deserve recognition. Orbicula groups with P. theioleuca, a species placed in Fimaria by Brummelen (1962) . The type species of Fimaria, P. hepatica, was not sampled. Ascomata that open late in development and similarities in excipular hair morphology supports the placement of O. parietina in Fimaria. In the Pseudombrophila lineage Orbicula (Cooke 1871) is the earliest generic name and thus has priority. If this lineage is recognized as a single genus, we will propose to conserve Pseudombrophila against Orbicula, because Pseudombrophila includes a larger number of species (28 total, Brummelen 1995) . Lasiobolidium orbiculoides also may be considered congeneric with Pseudombrophila. However, based on LSU rDNA sequences L. orbiculoides is not unambiguously nested within Pseudombrophila (FIG. 8) and therefore no combination will be made. To further understand phylogenetic relationships in the Pseudombrophila lineage, and to determine the number of times the cleistothecial form has arisen, a larger sampling of taxa within the lineage is needed. Detailed developmental studies of Pseudombrophila species and L. orbiculoides have been done (Brummelen 1995, JanexFavre and Locquin-Linard 1979) , but comparable studies with O. parietina are lacking. Studies of ascomatal development in O. parietina would provide data that could further clarify the evolution of closed forms in the apothecia-forming operculate lineage.
